Introduction
Fluoride intake in optimal dose is a safe and efficient way to minimize dental caries risk and prevent enamel demineralization [1] [2] [3] . However, the range between optimal levels and the concentrations that lead to adverse effects such as dental and skeletal fluorosis is narrow, and indicates the importance of fluoride intake assessment 2, 4, 5 . Furthermore, the opinion of the European Food Safety Authority (EFSA) is that data on fluoride exposure are insufficient 5 .
The important sources of fluoride intake for general population are water, drinks and food, particularly some kinds of tea, sea fish, fluoridated foods and fluoride dentifrices [6] [7] [8] .
Epidemiological studies from the 70's have shown that the most important source of fluoride intake is drinking water which contains 0.5 to 1 mg/L fluoride, depending on climate conditions 4 . On the other hand, fluorosis can be related not only to the regions reach in fluoride but also to the fluoride overuse, particularly from fluoride toothpastes, mouthwashes, gels, etc. 9, 10 . High fluoride intake can be of special risk in children up to six years when tooth growth and development occurs, especially during the phases of enamel formation [10] [11] [12] . The period between the 15th and the 30th month is considered to be of the highest risk, when the fluoride intake should be carefully controlled and balanced between the need for dental caries protection and the risk of fluorosis 13 . A special caution should be taken in two-and three-year-olds since they can swallow high amount of toothpaste as a result of inadequate swallowing reflex 5, 14, 15 . Thus, the Academy of Paediatric Dentistry (American (AAPD) and European (EAPD)) gave detailed recommendations for fluoride content in toothpastes and its amounts for brushing in relation to the age of child 16, 17 . For the majority of European communities, the EAPD recommends the use of appropriate fluoride toothpaste in conjunction with good oral hygiene to be the basic fluoride regimen 17 . The approach of the European Academy of Paediatric Dentistry has been also adopted in Serbia, having in mind the importance of adequate fluoride intake through toothpaste for reducing dental caries in childrenHowever, despite a significant reduction in caries in Western and Northern European countries, available data indicate that the prevalence and occurrence of dental caries Serbian children is high, even the highest in the countries of Eastern and Central Europe (DMFT index 3.4) 19 . According DFMT index value (number of decayed, missing due to caries and filled teeth in the primary dentition) relative risk for tooth decay in our country almost two times higher than the regional average 19 . The prevalence of dental caries in early childhood in Serbia is 8.3% for three-year-olds, while in six-year-olds with permanent teeth the percentage is 0.8% 18 . Data from the latest research in the Autonomous
Province of Vojvodina, Republic of Serbia show that the prevalence of early childhood caries is extremely high, close to 50% 20 .
Drinking water with optimal fluoride concentration is the most important source of fluoride intake in childhood, but in the areas with water and food poor with fluoride, the dominant route of fluoride intake is via toothpaste 7, 8, 21 . The results of de Almeida et al. (2007) indicate that toothpaste alone is responsible for about 80% of the daily fluoride intake of 1-to 3-year-old children 21 . Thus, the aim of this study was to assess fluoride intake through drinking water and toothpaste in three-year-olds and obtain preliminary results of fluoride intake in children in Belgrade, Republic of Serbia. To achieve this aim it was necessary to:
1) conduct a questionnaire for parents to obtain information on the type of water that children consume (tap and/or bottled), the type of toothpaste they use, the frequency of 
Experimental part

Materials and methods
Questionnaire
A previously validated questionnaire for parents was used in order to obtain general data (sex, age, body weight and dental health of children), information on the type of water that children drink (tap, bottled, type of bottled water), the type of children's toothpaste, the frequency of tooth brushing, and the amount of toothpaste used per tooth brushing 23 . The questionnaire was anonymous and voluntary. Filling out the questionnaire by the parents of 3-year-olds was carried out in two kindergartens in Belgrade, one from the municipality of Vračar and one from the municipality of Novi Beograd.
Drinking water and toothpaste
Different non-carbonated bottled waters and toothpastes available on the market in Total daily fluoride intake in mg/day and mg/kg/day by these sources was obtained adding the estimated values for EDI w and EDI t .
Data analysis
Statistical analysis was performed using the computer program STATISTICA 7.0 and the MS Excel package 2007. Student t-test was applied to determine statistically significant difference between water and toothpaste intake, as well as for the total intake between the two examined groups. Statistically significance was set for p<0.05.
Results
Data obtained from the questionnaire
A questionnaire was filled parents from two Belgrade municipalities, Vračar and Novi
Beograd. The total number of filled questionnaires was 40, 19 from Vračar and 21 from Novi Beograd. Twenty questionnaires referred to girls, 19 to boys, and in one questionnaire the gender was not specified. The majority of parents in Vračar consider the dental health of their children to be excellent (47.83%), followed by good (43.48%), moderate (4.38%), while one parent did not provide the answer. Parents in Novi Beograd mostly evaluated the dental health of their children as good (47.62%), followed by moderate (28.57%) and bad (14.29%), while there was only one answer for excellent (4.76%) as well as for very bad (4.76%).
Based on the data obtained from the questionnaire shown in Table 1 about half of children drink both tap and bottled water (Vračar 52.6%, Novi Beograd 47.6%). The consumption of tap water only is more common in Novi Beograd (38.1%) than in Vračar, while on the other hand, the consumption of bottled water only, is higher in Vračar (31.6%) than in Novi Beograd (4.8%). Table 1   Table 2 Table 2) . The obtained results also show that at the time none of the children have taken fluoride supplements in the form of tablets, gels or solutions.
Table 2
Fluoride concentrations in drinking water and toothpaste
Since the results from the questionnaire showed that the children use only a few brands of non-carbonated bottled drinking water and toothpaste, fluoride content was determined in 
Estimation of the total daily fluoride intake
Based on the mathematical model commonly used by the EPA the total daily fluoride intake by drinking water and toothpaste was calculated and the results are presented in Figures 1 and 2 and Table 3 . (1450 mg/kg) and applied pea-sized toothpaste per brushing, but brush teeth only once day (Table 3) .
Table 3 Discussion
In this study daily fluoride intake was estimated in three years old children in Belgrade on the basis of the content of fluoride in drinking water and toothpaste. Although fluoride can be ingested by various sources (water, drinks, food, toothpaste, supplements, etc.), drinking water and toothpaste represent the most important sources of fluoride intake in preschool children 27 . When containing optimal fluoride levels of 0.5 -1 mg/L as declared by WHO, drinking water is the main contributor to the total daily fluoride intake [4] [5] [6] . In many countries drinking water is fluoridated, although not in our country. Furthermore, the use of bottled water is becoming considerably more common, both in the world and in our country, but nonetheless many of the brands do not declare fluoride content. The results of this study show that non-carbonated bottled waters consumed by children has levels of fluoride in the range of 0.077 to 0.185 mg/L which are significantly below the recommended ones. The results of the conducted questionnaire show that the majority of children consume both bottled and tap water (Table 1) , the tap water in both locations also containing rather low levels of fluoride. These results are in accordance with other studies conducted in our country recently which indicate low fluoride levels in tap and bottled noncarbonated drinking water, with the exception for a minor area with endemic fluorosis [28] [29] [30] [31] [32] .
Daily fluoride intake could not be significantly increased by food intake, since food is prepared with poor fluoride level water 5, 17 . Therefore, in areas with a deficit of fluoride in drinking water, toothpaste is an important source of this anion 21 . Besides, toothpaste has an important role in caries prevention, not only due to fluoride content, but also due to its local action on the tooth surface 18, 33 . The local availability of fluoride from toothpaste has been shown to prevent caries by primarily three mechanisms: 1) inhibiting demineralization of tooth enamel; 2) enhancing remineralization of tooth enamel prior to lesion progression; and 3) inhibiting the enzyme activity of cariogenic bacteria 34 .
Data obtained from the questionnaire show that the majority of children in Novi Beograd (85.7%) and Vračar (70.8%) use toothpaste with fluorides ranging from 500 mg/kg to 1450 mg/kg, while a small number of children brush their teeth with toothpaste without fluoride (Table 2 ). However, it should be emphasised that the obtained levels of fluoride in the toothpastes were under the levels recommended by the European Academy of Paediatric Dentistry and national protocol in Serbia -1000(+) mg/kg for children 2 to 6 years old 17, 18 .
Similar results were obtained in toothpastes for children in Chile 35 , although in another South American country Brazil fluoride levels >1000 mg/kg was determined 21, 36 .
Furthermore, fluoride intake depends on the amount of used toothpaste, as well as on the frequency of tooth brushing. The results show that most of the children (Vračar 63.6% and Novi Beograd 100%) use the amount of toothpaste corresponding to pea sized amount of toothpaste, the amount that is in accordance with the national protocol 18 . When considering the frequency of brushing, two-times brushing was reported for the half of investigated children in Vračar, while in Novi Beograd all children brush their teeth once per day (Table 2) .
Estimated total daily fluoride intake by tap and/or non-carbonated bottled water and toothpaste in 3-year-olds in investigated municipalities (Figure 1 ) indicates no significant difference between fluoride intakes in children living in two different municipalities. A significant difference was observed only for fluoride intake via water, and the three-yearolds in Novi Beograd had a higher intake by water than children in Vračar (Figure 1 ).
Fluoride intake by toothpaste does not differ between the examined groups indicating no influence of the frequency of teeth brushing on the total fluoride intake. That could be explained by higher levels of fluoride in toothpastes used in Novi Beograd (Table 2 ).
However, the obtained values for total fluoride intake are lower than optimal fluoride intake (0.7 mg/day) for this age, and two to six times lower than tolerable upper intake food (milk, salts and other dietary sources) and dental products above the recommended values, indicating the opposite risk of fluoride over dosage [37] [38] [39] [40] .
According to our investigation, the total intake of fluoride in young children, estimated on the basis of consumption water with low fluoride content and toothpaste application, is far below the levels known to be of benefit for caries prevention. Moreover, these results indicate that children aged 3 years can be safely used toothpaste with a maximum fluoride concentration of 1450 mg/kg, especially as tooth brushing with fluoride toothpaste is a fundamental measure for the primary prevention of early childhood caries 41 . These findings can serve as a starting point for developing an optimal caries prevention national plan, in addition to other measures as well as patient/parents education, dietary advice, use nonfluoride caries-preventive agents (xylitol lozenges, sucrose-free chewing gum, chlorhexidine, etc.) and periodic clinical examinations 17, 42 .
Conclusion
Based on these preliminary results it can be concluded that the daily fluoride intake by drinking water and toothpaste in children aged 3 years on the territory of two Belgrade municipalities is significantly lower than the adequate intake level thus contributing to the occurrence of dental caries. Further research is needed to cover all children of preschool age from 2 to 7 years old and the other municipalities in Belgrade and elsewhere in Serbia in order to obtain more comprehensive information on the assessment of fluoride intake in children.
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